In the late 1950s, an epidemiological paradox was observed. There were large geographical differences in mortality from coronary heart disease (CHD) among European countries, particularly between France and Finland, despite their having comparable intakes of dietary fat.' Finland had the highest rate of CHD mortality, and France was at the lower end of the range. Finland also stood out as having the highest CHD mortality in the Seven Countries Study.2 In a study of Dietary cholesterol and saturated fat are the two nutrients most associated with CHD. We combined their impact into a lipid score, the Cholesterol-Saturated Fat Index (CSI) and then compared the relation of this index with the coronary mortality in 40 countries as previously published.5 France and Finland continued to exhibit very different coronary mortality rates while having comparable CSIs. The CHD mortality in France, strikingly lower than observed in comparably developed countries, has been noted by others as well.6 '7 Whenever epidemiological paradoxes exist, a reason should ultimately be found for them. A classic example is that of marine oils and the Eskimos. Early Arctic explorers and subsequent medical observers found that cardiovascular disease was rare in the Eskimos despite their consuming a diet almost exclusively derived from animal foods, which clearly had a very high fat and cholesterol content. 8 Bang and Dyerberg9 later explained this discrepancy by noting the differences in the types of dietary fat eaten by the Eskimos and by the people in Western countries. The fat consumed by the Eskimos was almost completely derived from food from the sea: seal, whale, and fish. These fats all contain large quantities of the highly polyunsaturated w-3 fatty acids, which are both hypolipidemic and antithrombotic.
A popular view is that the French have a lower coronary mortality because of their consumption of red wine, goose liver pate, and cheese. In our view, this hypothesis requires scientific validation. Using data that represent the 1950s through the 1980s, we examined the relations of coronary mortality to the intakes of foods and nutrients in 40 countries. We focused specifically on France, with a relatively low coronary mortality, and Finland, with the highest coronary mortality. There was a greater consumption of vegetables and unsaturated fat in France. There was greater consumption of milk and butterfat in Finland. These relations occurred after appropriate adjustment for the intakes of cholesterol and saturated fat and suggested the possibility of effects of other dietary factors in influencing the development of CHD.
Methods
All countries with populations of more than 1 million and for which both CHD mortality rates and food supply data could be obtained were included in the study. The 40 countries meeting these criteria covered all areas of the globe and nations in differing stages of industrial development: Austria, Belgium, Denmark, Finland, France, Hungary, Ireland, The Netherlands, Norway, Poland, Sweden, Switzerland, the United Kingdom, West Germany, Bulgaria, Egypt, Greece, Israel, Italy, Portugal, Romania, Spain, Yugoslavia, Canada, the United States, Argentina, Chile, Costa Rica, Cuba, the Dominican Republic, Ecuador, Mexico, Nicaragua, Paraguay, Uruguay, Venezuela, Australia, New Zealand, Hong Kong, and Japan. We did not consider other risk factors for CHD such as cigarette smoking or hypertension. However, it is generally accepted that cigarette smoking is prevalent in many of the countries where a low-fat diet is consumed and that people in these countries generally have low plasma lipid and lipoprotein levels. Also, Japan, with a low-fat diet and a low CHD mortality rate, has a high incidence of hypertension. Still, the fact that the data from analyses presented in this article fit so well with metabolic data from both human and animal studies suggests that diet is a major factor in determining coronary mortality rates throughout the world. 10 World Health Organization reports were used as the source of CHD mortality statistics, ischemic heart disease ( Of the 40 dietary variables considered for the univariate analysis in the 40 countries, 20 dietary variables had significant positive correlations, 9 had significant negative correlations; and 11 had no significant correlations with CHD mortality (Table 1 ). The variables that had significant positive correlations with CHD mortality generally consisted of animal foods and nutrients associated with animal foods. Significant negative correlations occurred from either plant foods or nutrients found predominantly in plant foods (total carbohydrate, fiber, starch, rice, thiamin, folic acid, and vitamin E). Iron, which is found in both animal and plant foods, was negatively correlated. Calories from vegetable foods were negatively correlated with CHD mortality, whereas calories from animal foods were positively correlated. Alcohol had a significant positive correlation with coronary mortality (r=. 35 The differences in CHD mortality rates between France and Finland could not be explained by their CSIs because they were almost the same. Could they be explained by other dietary factors? The correlation of milk intake with CHD mortality was r=.76 (Fig 2B) . Note the new relative positions of France and Finland for CHD mortality rates in relation to milk consumption; these two countries no longer stood apart from the other countries. The difference in milk intakes better explained the differences in CHD mortality for these two countries than did the CSI.
Dietary cholesterol and saturated fat were such strong determinants of CHD mortality that they could mask any other dietary effects. When we adjusted for dietary cholesterol and saturated fat intakes for all 40 countries, nine nutrients and foods were significantly associated with CHD mortality (Table 2) . Positive associations with CHD mortality included butterfat (fat from milk, cream, cheese, and butter), milk, milk protein, riboflavin, calcium, and calcium from milk. These items were all highly intercorrelated, both before and after adjustment for CSI. Monounsaturated, polyunsaturated, and total fats were negatively associated with CHD mortality. Alcohol was not related to CHD mortality after adjustment for CSI.
The We then looked at differences in the consumption of foods and nutrients that were significantly associated with CHD mortality in the 40 countries after adjustment for CSI. We included France, Finland, and two other countries with similar CSIs -the United Kingdom and West Germany ( Discussion Dietary cholesterol and saturated fat were clearly important determinants of coronary mortality, as might be expected from the well-known effects of these two variables on plasma lipids, lipoproteins, and coronary rated fat intakes, since they were similar, could not explain why Finland has had a four to five times higher CHD mortality rate than France. Only differences in the consumption of other nutrients and foods might help explain this disparity.
We were initially surprised that alcohol was positively related to CHD mortality, because of the common perception that the decreased mortality from CHD in France may be ascribed to alcohol intake and, in particular, to the intake of wine.31,32 Also, the results of some epidemiological studies have shown negative associations for moderate intakes of alcohol and positive associations for higher intakes. [33] [34] [35] Although alcohol was positively associated with CHD mortality univariately, this relation did not remain significant after adjustment for cholesterol and saturated fat. The countries in our study that had the greatest intakes of cholesterol and saturated fat generally had the greatest intakes of alcohol, and the differences in alcohol consumption could not explain the disparity between coronary mortality rates in France and Finland. However, when we considered only the 18 countries with the higher CSIs and adjusted for CSI, a different picture emerged. Wine and alcohol were then inversely and wine was significantly related to CHD mortality. This finding is in keeping with other reports of studies involving similar countries.33-35
The picture is not complete without considering the fact that in the 22 countries with the lower CSIs in which many of the countries had lower intakes of alcohol, neither wine nor alcohol was related to CHD mortality even after adjustment for CSI. Our interpretation of these findings is that wine (containing antioxidants and possibly other beneficial factors) and alcohol may be somewhat protective against CHD mortality when people also consume larger amounts of cholesterol and saturated fat and smaller amounts of plant foods. Nevertheless, when people consume less cholesterol and saturated fat and more plant foods (more antioxidants), drinking wine appears to be unrelated to CHD mortality. This low-CSI, high-plant food pattern is similar to the eating style proposed to protect people, nutritionally, against coronary disease.5, 14, 29, 30 There were striking differences between France and Finland in the consumption of major classes of foods and nutrients that this study showed to be significantly associated with CHD mortality after adjustments for cholesterol and saturated fat in the 40 countries: they were milk, butterfat, monounsaturated and polyunsaturated fats, and, finally, vegetables. Milk and butterfat were associated with a higher coronary mortality rate, and plant foods containing the unsaturated fats and vegetables were associated with a lower coronary mortality rate.
Milk intake was 3.5 times greater in Finland than in France. The analyses showed that several of the constituents of milk (butterfat, protein, calcium, etc.) were strongly associated and suggested that milk must be related in some way to CHD mortality. 52 The consumption of polyunsaturated fatty acids contained in liquid vegetable oils was eight times larger in France than in Finland. However, most epidemiological studies have not shown a significant inverse correlation between polyunsaturated fat consumption and CHD mortality rates. 15-17'47 Metabolic studies have shown that polyunsaturated fat in the diet has a plasma total and LDL cholesterol-lowering effect49 and that it tends to prevent thrombosis,5354 thus potentially providing a protective role against CHD. The narrow range of polyunsaturated fat intakes the world over and the overwhelming influence of cholesterol and saturated fat may mask any significant connection between this nutrient and coronary mortality. In our study, however, the negative correlation between polyunsaturated fat and CHD mortality was significant after adjusting for cholesterol and saturated fat intakes. This observation may help account for the divergent rates of CHD mortality. There was a marked difference between the consumption of liquid vegetable oils between France and Finland. Interestingly, West Germany and the United Kingdom occupy intermediate positions with regard to both consumption of liquid vegetable oils and coronary mortality.
The consumption of w-3 fatty acids from seafood was related to coronary disease in Greenland Eskimos, the Dutch, and the Japanese.55-57 In our study, the amount of dietary co-3 fatty acids had an inverse relation to CHD mortality in 38 countries (France and Finland excluded). This same relation occurred in the 22 countries with CSIs less than 20 per 1000 kcal.
For the 40 countries, calories from animal foods correlated positively with CHD mortality rates, r=.79 (P<.001), and calories from vegetable foods correlated negatively, r= -.80 (P<.001); this replicates earlier findings. 10 We also found that, generally, nutrients associated with animal foods correlated positively with CHD mortality rates, whereas nutrients associated with vegetable foods and vegetable oils correlated negatively. These results are in accordance with earlier international data using assorted food commodities and CHD mortality. 15 
